The search for sources of animal feed has been well-regarded for farmers. In spite of this, the objective of this study was to show the thermal, physical and chemical properties of earthworms flour from Eisenia andrei for supplementary food for animals. The species was studied by simultaneous thermogravimetric analysis, differential scanning calorimetry, combustion calorimetry, moisture, ash, fat, protein, carbohydrate and fibre analysis. The samples were dried, ground, screened and stored in suitable vials. After the analysis of physical and chemical characterization, it was possible to verify that E. andrei flour presents higher calorific power and levels of protein, fiber, carbohydrate, essential metals and low fat. It can be a promising product as an ideal alternative protein source for better growth performance of animals.
INTRODUCTION
Vermicomposting is a biotechnological process that uses organic wastes as a compost rich in macronutrients, through the combined actions of microorganisms and earthworms (Edwards, 1972; Gomez et al., 2011) . Earthworms are usually used for vermicomposting because they possess higher composting activity in different wastes, such as municipal solid waste (Soobhany et al., 2015) , sewage sludge and cow manure (Lazcano, 2008; Xing et al., 2012) , pig waste (Wong and Griffiths, 1991) and vegetables (Huang et al., 2013; Hussain, 2015) . Their growth is fast and the biomass can be used in the animal feed industry (Dynes, 2003; Sogbesan and Madu, 2008; Sogbesan and Ugwumba, 2008; Sinha et al., 2010; Tiroesele and Moreki, 2012) . Sogbesan and Madu (2008) , evaluated earthworm meal as protein feedstuff in diets for fishes and the results *Corresponding author. E-mail: luceliah@univates.br.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License showed the highest mean weight and relative growth rate were recorded in fish fed 25% earthworm inclusion diet.
The use of earthworm flour was related by Isea et al. (2008) , for fish food. In comparison of wheat bran and soy cake, the earthworm flour showed higher digestible protein (Isea et al., 2008) . In spite of the search for sources of animal feed, earthworm flour has been wellappreciated by the farmers. But there are fewer researches about the physical, chemical and thermal analysis using earthworms flour from the Eisenia andrei species and its important from the point of view of the quality of the bioproduct regarding to dietary aspects (bioenergetics, protein digestibility, weight gain) (Raemy, 2003; Tamilmani and Pandey, 2015) . Therefore, the aim of this study was to evaluate the properties of flour of E. andrei by applying simultaneous thermogravimetric analysis (TG/DTG), differential scanning calorimetry (DSC), combustion calorimetry and conventional physical and chemical analysis to contribute to the quality of this bioproduct for animal's diet.
MATERIALS AND METHODS

Earthworms
The E. andrei earthworms were cultivated in commercial plastic boxes (0.20×0.35×0.5 m). Half of the box volume was filled with 50% soil (physical and chemical characteristics are shown in the Supplementary data), 20% fruit peels, 10% dry leaves, and 20% cow manure. The experiment was carried out in the Tecnovates Laboratories at the Centro Universitário UNIVATES. The process took 60 days to be performed, in closed room and was conducted under controlled temperature (25°C) and humidity (40%).
Earthworm flour production
Worms (1 kg) were immersed in water for 24 h and then washed in ultrapure water and stored. The biomass was put in a forced air circulation heater for 24 h at 40°C so it could dry faster. The dry samples were ground and sieved with 250 mesh and then stored for further analysis.
Earthworms flour physical and chemical characterization
Composition analysis
For the composition analysis of the earthworms flour, its moisture, ash, protein and lipid contents were determined according to the Association of Official Analytical Chemists (AOAC) protocols (AOAC, 2010). To measure moisture, the sample was put on a direct drying in an oven at 105°C for 24 h. For ash analysis, incineration was done in an oven at 550°C for 4 h. To measure lipids, the technique used was based on solvent extraction with ethyl ether followed by removal by evaporation or distillation of the solvent employed; and for protein, it was determined by classical Kjeldahl method.
Metals analysis
The dried samples were weighed and then a 100 mg aliquot was transferred to an acid-rinsed digestion vessel and 5 mL HNO3 was Carlesso et al. 363 added. Digestion of the samples was carried out using a commercial microwave oven, Multiwave Pro, Anton Paar. The heating program was performed in three steps (temperature/C, ramp/min, hold/min): 1 (100, 5, 1); 2 (120, 4, 5); and 3 (150, 4, 10). There is a fourth step for cooling down the system through forced ventilation for a period of 20 min. After the digestion, samples and blank solutions were transferred to plastic flasks and made up to 10 ml with deionised water. The digestion procedure was done in triplicate for each sample. The conditions utilized were based on Naozuka et al. (2011) . Determination of Ca, Na, K, Mg, Cr, Cu, Al, Cd, Pb, Ba, Ni, Co and Mn was conducted using an inductively coupled plasma optical emission spectrometer (Optima 8000, Perkin Elmer) equipped with a Scott-type double pass spray chamber, a cross-flow nebulizer, a torch and a quartz injector. The operational parameters were in accordance with the literature (Muller et al., 2016) .
The standard of multi-element elements from Merck (Darmstadt, Germany) and Perkin Elmer (Shelton, USA) were treated in the same way as the samples and were used for equipment calibration step.
Thermal analysis
For combustion, calorimetry analysis, an oxygen bomb calorimeter (C2000 Basic, IKA Works GmbH and Co., Staufen, Germany) was used for the gross energy determination of the earthworm flour. About 0.5 mg of the sample was put in the pressurized vessel (2 atm O2) and the procedure was performed in accordance with the fabricant.
TG/DTG was carried out using 3.0 mg dried samples in a thermogravimetric analyser (Model 4000, Perkin Elmer) from 25 to 800°C at a rate of 10°C/min. Nitrogen was used as the purge gas at a flow rate of 50 mL/min (Nuthong et al., 2009) .
Differential scanning calorimetry (DSC)
Thermal transition measurements of earthworm flour were determined using a Modulated Differential Scanning Calorimeter (model DSC 4000, Perkin Elmer) equipped with a thermal analysis data station and data recording software. The sample was adapted according to the procedure of Wang et al. (2014) , with a slight modification. Briefly, about 2 mg of samples were weighed. The sample was heated from 25 to 445°C at a heating rate of 10°C/min with nitrogen flow of 50 mL/min.
RESULTS AND DISCUSSION
Protein, moisture, ash, fat, carbohydrate and fibre are important tool to food quality. Protein is important because it improves the animals growing. The amino acid composition of the flour had a variation in the contents of total essential and non-essential amino acids. Moisture is important because of the knowledge of the sorption properties of foods which is of great importance in food dehydration, especially in the quantitative approach to the prediction of the shelf life of dried foods. In the ashes, there was a mineral composition such as macro-and micro-elements essential and non-essential for life. Fat and carbohydrate are essential to provide energy and have additional functions in animals system and fibers contribute to the better functioning of the intestinal system (Brewer et al., 1985; Filho et al., 1999; Maihara et Petenuci et al. (2010) . b Boscolo et al. (2005) . Filho et al. (1999 Filho et al. ( ). al., 2006 Sogbesan and Madu, 2008; AOAC, 2010) . In this sense, it is important for the analysis of these parameters. The physico-chemical characters of earthworm's flour are shown in Table 1 . Results of moisture (%) of E. andrei are in accordance with the observations of Petenuci et al. (2010) for fishbone Tilapia flour. E. andrei flour has lower fat in comparison with fishbone Tilapia flour (Petenuci et al., 2010) . Fibre was higher than poultry by-product (Boscolo et al., 2005) . There was a minimal value of ash but proteins were higher in the E. andrei flour, so it can be used as supplementary food rich in protein.
Metals concentration
Minerals are known to be very important for the product quality. Table 2 shows the metals composition of the earthworm flour and other products. The major concentrations of minerals in the E. andrei flour are higher in comparison with white rice (Lin et al., 2016) and fish flour (Filho et al., 1999) . Calcium content was double as compared to the white rice. Potassium was 600 times and Iron was 30 times more concentrated when compared with the fish flour. All the elements analyzed are very important for animal nutrition, since metals are involved in a great number of metabolic pathways. It is important to highlight that the mineral composition from E. andrei being presented in this table is more complete. This demonstrates the importance of this product in the support of animal nutrition (Brewer et al., 1985; Mageed and Oehme, 1990; Allen, 1994; Aggett et al., 2015) .
Thermal analysis
The results show that the caloric value of E. andrei flour sample was 4850 kcal/kg. The digestible energy values of the product were compared with those found for Nile tilapia, soybean meal and meat and bone meal by Pezzato (1995) , where the results were compared for soybean oil by Sintayehu et al. (1996) , for poultry byproducts and corn by Degani et al. (1997) , and silkworm meal by Pezzato (1999) ; the results were around 3000 kcal/kg (Boscolo et al., 2005) . Therefore, E. andrei flour presents higher calorific value when compared with the other types of animal feed cited. And it can improve weight and relative growth rate for the consumers.
TG/DTG analysis
The profiles of TG/DTG curves (Figure 1) were different from those observed by Tomassetti et al. (1987) and Leivas et al. (2013) . TG curves show mass loss in one step. Dehydration of organic matter started at about 80°C. A loss of 20% of total original mass was observed. The curve also revealed that the earthworm flour contains 10% residue content until 300°C. The results are in accordance with those of Mothés et al. (2005) , who used corn meal flour with loss of 14% of original mass. The profile of DSC analysis curves of earthworm flour are as shown in Figure 2 . It is possible to verify the denaturation of the protein, which is an endothermic event, at 60°C.
In accordance with the results, earthworm flour can be consumed with security until the temperatures cited earlier.
Conclusion
Thermal, physical and chemical analysis was used as tool to analyze the quality of the E. andrei flour. Through these, it was possible to conclude that the flour of earthworm presents high protein content, calorific power, fiber, phosphate and essential metals. This product can be utilized to feed animals because of its promising characteristics for agriculture use. Further tests may be conducted, such as shelf live. 
